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Introduction: The 2D:4D digit ratio is sexually-dimorphic, probably due to testosterone action through the peri-
natal period.We characterize the 2D:4D ratio in newborn (NB) infants, in between the pre- and postnatal surges
of testosterone, and relate it to the mother's 2D:4D and to testosterone levels in the amniotic ﬂuid (AF).
Subjects and methods: Testosterone was assayed in samples of maternal plasma and AF collected at amniocen-
tesis. Shortly after birth, 106 NBs and their mothers were measured for 2D:4D ratio.
Results: NB males had lower mean 2D:4D ratios than females but this dimorphism was signiﬁcant only for the
left hand (males: 0.927; females: 0.950; p=0.004). Mothers who had sons had lower 2D:4D ratios than those
who had daughters and the mother's 2D:4D were higher than those of NBs regardless of sex. Both hands of NB
females were negatively correlated with AF testosterone and positively correlated with the mother's 2D:4D, but
males showed no signiﬁcant associations. Maternal plasma testosterone also showed a negative weak correla-
tion with NB's digit ratio in both sexes.
Conclusions: Sexual dimorphism at birth was only signiﬁcant for the left hand, in contrast with reports of greater
right hand dimorphism, suggesting that postnatal testosterone is determinant for 2D:4D stabilization. The lower
2D:4D ratios in mothers who had sons support claims that hormone levels in parents are inﬂuential for deter-
mining their children's sex. NB female's digit ratio, but not males', was associated to the level of AF testosterone.
The mother's 2D:4D ratios were positively correlated with their daughters' 2D:4D, but the same was not
observed for male NBs, suggesting that prenatal testosterone levels in male fetus lead their 2D:4D ratios to
stray from their mothers' with high individual variability.© 2012 Elsevier Ireland Ltd. All rights reserved.1. Introduction
In humans, the ratio of the index ﬁnger (2D) to the ring ﬁnger
(4D) is sexually dimorphic, as women have a larger mean 2D:4D
ratio than men [1,2], a tendency previously described in several
populations [3]. As many somatic sex differences result from prenatal
androgen masculinization, it has been suggested that prenatal testos-
terone is responsible for the sex difference in mean 2D:4D ratio, with
the latter being negatively correlated with testosterone [2,4]. Strong
evidence for the role of androgen comes from the association be-
tween the 2D:4D ratio and congenital adrenal hyperplasia (CAH), a
condition of elevated androgen production, as both males and fe-
males with CAH have smaller 2D:4D than controls [5,6]. Also female
dizygotic twin fetuses growing next to males were found to have
lower ratio than the ones growing next to females [7,8] suggesting
the inﬂuence of some level of androgen diffusion. This has furtherCentral EPE, Rua Jacinta Marto,
Ltd. All rights reserved.been corroborated by work showing that variation in 2D:4D corre-
lates with androgen receptor activity in men, as indicated by the
number of CAG repeats in the androgen receptor allele [9]. More re-
cently, an experimental study [10] with a mouse strain known to be
sexually dimorphic, provided compelling evidence that prenatal tes-
tosterone and estrogen determine mouse 2D:4D during embryonic
development, with sex steroids controlling digit development by reg-
ulating the skeletogenic expression of at least 19 genes. The 2D:4D
ratio at birth should thus reﬂect a genetic background subjected to a
given level of prenatal androgen and estrogen exposure.
Garn et al. [11] measured human embryos and fetuses to ﬁnd that
phalangeal length ratios later found in adulthood are attained early in
gestation, by the end of the 13th week. Since then some authors
assumed that the 2D:4D sexual dimorphism is established during
early prenatal development, with the 2D:4D ratio remaining stable
thereafter [2,3,5,11,12]. But if sex steroids determine digit growth,
their effect may not be limited to the prenatal period, as exposure
to testosterone proceeds non-uniformly across the ﬁrst years of life.
Human perinatal testosterone production comprises three peaks, a
mid-gestational and two postnatal peaks [13]. The mid-gestational
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androgen effects occur between weeks 7 and 12 [13]. Serum testos-
terone rises to a ﬁrst postnatal peak around twomonths of age, falling
again to childhood levels by 4 to 6 months. A third (second postnatal)
peak is found from puberty onwards to adulthood. Thus secondary
sex differences arising prior to puberty, namely the 2D:4D ratio, are
usually attributable to the effects of prenatal and/or early postnatal
testosterone production.
Two longitudinal studies [14,15] provided solid evidence that the
digit ratios increase from infancy to adulthood, especially between
ages one and ﬁve, although the magnitude of the change is small.
Similarly, Galis et al. [16] working with 327 deceased human fetuses
(14 to 42 weeks old) reported that the prenatal 2D:4D in both sexes
was lower than has been reported for children and adults, suggesting
that it may increase after birth. More recently, McIntyre and Alexander
[17], in a sample of 74 young children (3–5 months old) also found
relatively low 2D:4D values, and Knickmeyer et al. [18] followed
2D:4D during the postnatal testosterone surge (0–2 years old) to
conclude that 2D:4D ratios change, apparently modulated by postna-
tal testosterone, with such individual variability that led the authors
to suggest that 2D:4Dmeasured in early childhood may not correlate
well with prenatal exposure to testosterone.
We are not aware of reports of 2D:4D ratios focused upon the ﬁrst
days in the life of newborn (NB) infants, a narrow time window in be-
tween the pre- and postnatal peaks of testosterone production, when
only effects of prenatal genetic and hormonal interaction should be
apparent. The purpose of this study is to examine dimorphism in
the 2D:4D digit ratio at delivery (ﬁrst 48 h) and to report on how
the digit ratio of the NB correlates with mother's 2D:4D ratios and
with testosterone in the amniotic ﬂuid (AF) and in maternal plasma,
both evaluated at the time of amniocentesis (16–23 weeks of
pregnancy).2. Methods
Mothers were referred to the hospital for karyotyping and were
recruited at the time of amniocenteses, as part of a prospective study
conducted at the maternity of Dona Estefânia Hospital (HDE) in
Lisbon, between December 2009 and June 2011. The study was ap-
proved by the Hospital Ethics Committee and written informed con-
sents were obtained for all the procedures, as approved by the
Committee. Mothers willing to deliver at HDE maternity were invited
to participate. Only healthy mothers with singleton spontaneous
pregnancies that delivered fetus structurally normal were considered;
187 women participated in a previous study [19], but six were later
excluded due to fetal or maternal pathology. Gestational age was pre-
viously determined to the nearest day based on ultrasound biometry.
Blood was collected at arrival from all the participants and imme-
diately centrifugated. During amniocentesis, an aliquot of up to
3–4 mL of AF surplus to clinical requirement was drawn and both
plasma and AF samples were stored at−80 °C until assay. Measure-
ments of plasma testosterone were available for 181 women and AF
testosterone for 167 fetuses. Total plasma testosterone was mea-
sured in duplicate aliquots at the Department of Chemistry and
Biochemistry of the Faculty of Sciences, University of Lisbon, by stan-
dard radio-immunoassay (RIA) using Spectria testosterone RIA®
coated tubes from Orion Diagnostica (Finland). The intra- and
interassay coefﬁcients of variation of plasma testosterone were
4.5% and 5.1%, respectively. The concentration of testosterone in
the AF was assayed at King's College, London, using a development
of the method by Kulle and co-workers [20]. Oasis HLB 1 cc (30 μg)
extraction cartridges were used for solid phase extraction of the
samples with isopropanol. The reconstituted samples were then an-
alyzed by ultra-pressure liquid chromatography followed by mass
spectrometry (LCMS/MS).The digit lengths were measured for 106 NBs (54 females, 52
males) and their mothers. Amniotic testosterone was available for
100 out of these 106 mother–newborn pairs. Photocopies were
taken to the ventral surface of the left and right hands of both mother
and infant before they left the hospital. With the mother's or nurse's
assistance, the measurers placed, one at a time, the palmar surface
of both infant's hands on the photocopier plate without pressing
hard and provided assistance to their mothers in doing the same. Sec-
ond copies were made if the landmarks for measuring were not clear.
The index, middle, and ring ﬁngers were to be held in an extended
position, whereas the thumb and little ﬁnger were allowed to be
held in a relaxed position. A white cloth cover was used to block
light from out of the plate. The ﬁnger lengths for the index and ring
ﬁngers, respectively 2nd and 4th ﬁngers, were determined, by mea-
suring the distance from the middle of the basal ﬂexion crease prox-
imal to the palm to the tip of the ﬁnger, using a vernier caliper
measuring to 0.01 mm. On average, the hands were photocopied
38.9 h (st dev 60.2, median 27.2 h) after birth.
All ﬁngers were measured by two measurers who were unaware
of each other's results. Repeatability was evaluated by repeated mea-
sures ANOVA, where the F ratio evaluates the between-subjects mean
squares divided by the error mean squares (i.e. the measurement
error in the same hand). The intra-class correlation coefﬁcient (r1)
and the Cronbach's α were also computed. Sample means were com-
pared by independent-samples or paired-samples Student's t tests, as
appropriate, multiple regression analysis was used to check associa-
tion between multiple variables, and a p-valueb0.05 was routinely
considered signiﬁcant. Numerical data were ﬁrst checked for
normality by examination of their histogram against the empirically
expected Normal distribution and by inspection of P–P plots. Amniot-
ic ﬂuid testosterone strayed from normality but logarithmization in-
creased its skewness. In practice, however, our main results are
identical with transformed and untransformed data. Statistical analy-
sis was conducted using SPSS version 19.0 (SPSS Inc., Chicago, IL,
USA).
3. Results
The 106 mothers were on average 37.7 years old (median was 38,
range: 26–43) with mean gestational age at time of sampling of
17.2 weeks (median was 17, range: 15.7–23.6). Average gestation
age at birth was 39.4 weeks, with no signiﬁcant differences between
sexes; the NBs were 49% boys and 51% girls (52 and 54, respectively).
The NB males had an average weight signiﬁcantly higher (t-test, p=
0.002) than females, respectively, 3399 and 3086 g (Table 1).
3.1. Digit ratio
Repeated measures ANOVA of the 2D:4D ratio in NB hands
showed that the ratio of 2D:4D differences between subjects to mea-
surement error was highly signiﬁcant in both hands (right hand: F=
95.6, pb0.001; left hand: F=93.4, pb0.001). The corresponding
intra-class correlations when comparing measurements made by
the two observers were r1=0.89 and 0.90 (both pb0.001), respec-
tively, for the right and left hands. The Cronbach's α were 0.94 and
0.95, respectively, for the right and left hands. We took this as evi-
dence that measurements of the 2D:4D were very similar between
observers and there were no directional biases. Henceforth we have
used the mean of the 2D:4D ratios available for each hand from the
two observers.
The point-biserial correlation between sex and 2D:4D is r=0.10
(p=0.31) for the right hand and r=0.28 (p=0.004) for the left,
with a large overlap between male and female distributions of
2D:4D (Fig. 1). Male NBs had lower mean 2D:4D ratios than females
(Table 2) and the differences were signiﬁcant between left hands
(males: 0.927; females: 0.950; t=2.95, p=0.004; Cohen's d=0.57)
Table 1
Descriptive statistics of women undergoing amniocentesis (age and testosterone in
plasma), of fetus (gestation age and testosterone in amniotic ﬂuid, AF), and of NBs
(age and weight at birth). The last line is time elapsed from delivery till time of hand
measurement.
Mean St dev Min Max
Mothers
Age (years) 37.7 2.8 26.8 43.5
Plasma testosterone — with males (nmol/L) 1.58 0.67 0.52 3.59
Plasma testosterone — with females (nmol/L) 1.81 0.90 0.31 4.31
Fetus and newborn
Gestation age at amniocentesis (weeks) 17.2 1.1 15.7 23.6
Gestation at birth (weeks) 39.4 1.27 34.9 41.7
AF testosterone — males (nmol/L) 0.86 0.40 0.00 1.71
AF testosterone — females (nmol/L) 0.34 0.33 0.00 1.43
Birth weight — males (g) 3399 507.2 2180 4610
Birth weight — females (g) 3086 495 1725 4270
Time till hand photocopy (h) 38.9 60.2 2.35 541.3
Table 2
Mean (standard deviation) 2D:4D ratios in newborns and their mothers.
2D:4D mean (st dev)
Right hand Left hand
Newborns Male (n=52) 0.945 (0.043) 0.927 (0.039)
Female (n=54) 0.954 (0.042) 0.950 (0.042)
Total (n=106) 0.982 (0.031) 0.968 (0.034)
Mothers With NB son 0.977 (0.032) 0.959 (0.035)
With NB daughter 0.986 (0.030) 0.977 (0.032)
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p=0.305; Cohen's d=0.21).
The mean 2D:4D ratios were also compared among mothers.
Those who had sons, had lower ratios than those with daughters
(Table 2). Once again, the differences were signiﬁcant between left
hands (NB son: 0.959; NB daughter: 0.977; t=2.77, p=0.007) but
not right hands (NB son: 0.977; NB daughter: 0.986; t=1.49, p=
0.14), a pattern similar to the one found in NBs. The 2D:4D mean
ratios of NB males and females were lower than those of their
mothers (Table 2) and the differences were always signiﬁcantFig. 1. Histograms of the distributions of the 2D:4D ratio in the left (top) and right
(bottom) hands of 54 female and 52 male NBs. Dashed lines position the mean 2D:4D of
each sex.(pb0.001) when evaluated by hand using a paired-sample t-test.
For instance, the mean 2D:4D difference between mother and son in
the right hand is 0.032 (st dev 0.048) and this difference is signiﬁcant
(paired t-test t=4.83, pb0.001).
We have further looked into the association between the NB
2D:4D and sex, controlling for the inﬂuence of the mothers' ratios,
using multiple regression with NB 2D:4D as dependent variable and
three independent variables: mother's 2D:4D (left and right hands)
and sex. Altogether, the two mother's hands account for a signiﬁcant
R2=10% (p=0.006) of the variability in the NB 2D:4D right hand and
addition of sex to the model does not add up a signiﬁcant contribu-
tion, with R2 increasing to only 10.1% (p=0.78), conﬁrming the
absence of association between sex and the NB right hand. As for
the NB left hand, the mother's ratios account for 9.2% (p=0.008) of
2D:4D variability and the addition of sex to the model is signiﬁcant,
with R2 increasing to 17% (p=0.003). The NB left hand thus remains
associated with sex when controlling for the mothers' ratios.
The 2D:4D of the mother's right hand was positively correlated
with the 2D:4D of both hands of NB females (right hand r=0.35,
p=0.01; left hand r=0.30, p=0.03) but correlations with males'
2D:4D, although positive, were not signiﬁcant (Table 3). The 2D:4D
of the mother's left hand correlated signiﬁcantly only with the right
hand of NB females (r=0.28, p=0.04). The 2D:4D were signiﬁcantly
correlated between the right and left hands in NB females (r=0.54,
pb0.001) and in the mothers (r=0.6, pb0.001) but not in NB males
(r=0.14, p=0.32).
On average, NB males had longer ﬁngers than females (Table 4).
For example, in the right hand, the mean 2D was 25.38 and
24.71 mm, respectively, in males and females. It is possible that this
is just because NB males tend to be larger than females, judging
from their mean birth weight (Table 1), and because birth weight cor-
relates with ﬁnger length. We have used regression analysis to deter-
mine the mean length of individual ﬁngers to be expected in males if
their average birth weight was equal to females. After this correction,
however, the expected 2D and 4D mean lengths of males remained
longer than those of females (Table 4).3.2. Testosterone
The median of testosterone in the AF was 36% of the median tes-
tosterone in maternal plasma (quartiles: 14–61%, n=167) and the
two testosterones are not signiﬁcantly correlated (males: r=−0.01,
n=81, p=0.93; females: r=0.18, n=86, p=0.10). Testosterone in
the AF of males was signiﬁcantly higher (t-test, pb0.001, n=167)
than in females, with an average of 0.83 nmol/L (sd 0.40) in theTable 3
Pearson's correlation coefﬁcient between NBs and their mothers in regard to 2D:4D
ratios, by hand and sex. Signiﬁcant correlations (pb0.05) are signaled with asterisks.
NB males NB females
Right p Left p Right p Left p
Mother Right 0.227 0.11 0.206 0.14 0.35* 0.01 0.30* 0.03
Left 0.223 0.11 −0.03 0.86 0.28* 0.04 0.06 0.65
Table 4
Observed mean lengths (mm) of the 2D and 4D ﬁngers, by hand and sex. In males are
also shown the expected lengths in case the mean weight of males at birth was equal to
that of females.









2D 24.71 25.38 25.02 2D 24.30 24.89 24.53
4D 25.94 26.90 26.34 4D 25.62 26.87 26.49
Table 5
Pearson's correlation coefﬁcients (r) between testosterone (T) in the amniotic ﬂuid and
in the mother's plasma and 2D:4D ratios in the newborns, by hand and sex. Asterisk
signals signiﬁcant correlation.
Right hand Left hand
Males Females Males Females
T in AF r 0.14 −0.24 0.004 −0.3
n 49 51 49 51
p 0.35 0.09 0.98 0.03*
T in plasma r −0.2 −0.24 −0.11 −0.1
n 52 54 52 54
p 0.15 0.09 0.44 0.49
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is negatively correlated with the 2D:4D ratio in both hands of NB fe-
males (Table 5, Fig. 3), but no association is found with 2D:4D in NB
males. We shall return to this below, in a more comprehensive ac-
count of variability in the NB 2D:4D ratio. AF testosterone does not
correlate with gestational age in either sex (males: r=0.16, n=81,
p=0.17; females: r=−0.04, n=86, p=0.75).
As for testosterone in maternal plasma, there was no signiﬁcant dif-
ference (t-test, p=0.22) betweenwomenwithmale and female fetuses
(Fig. 2). In the larger plasma sample (n=181), the mean was
1.60 nmol/L (sd 0.72 nmol/L) and 1.80 nmol/L (sd 1.41 nmol/L) for
males and females, respectively (Table 1). Plasma testosterone exhibits
a negative correlation with maternal age in both sexes (male fetus:
r=−0.21, n=90, p=0.05; female fetus: r=−0.38, n=97, pb0.001).
Testosterone in the mothers' plasma, exhibits a negative correla-
tion with all four 2D:4D ratios in NBs (Table 5), but none is statistical-
ly signiﬁcant. When testosterone in the mothers' plasma increases,
the 2D:4D of the NB tends to decrease, but our sample size split by
sexes may have been insufﬁcient to capture statistical signiﬁcance.
Only when sexes are pooled does plasma testosterone become signif-
icantly correlated with 2D:4D in the right hand (r=−0.2, p=0.04,
n=106). Plasma testosterone is also negatively correlated with the
mother's 2D:4D ratio in both hands (right: r=−0.36, p=0.011;
left: r=−0.37, p=0.008) when their fetus is male, but not when
the fetus is female (right: r=0.16, p=0.26; left: r=0.06, p=0.65).
We have next examined the proportion of variability in the NB ra-
tios (by sex and hand) accounted by the mother's ratios and by tes-
tosterone, using a hierarchical regression model where the NB
2D:4D is the dependent variable and independent variables are the
mother's 2D:4D ratios (two variables: left, right), AF testosterone,
and maternal testosterone.
The models with the mothers' 2D:4D and AF testosterone account
for a signiﬁcant proportion of the variability in the 2D:4D ratio of NB
females (R2=24.9% and 25.3%, respectively right and left hands).
Table 6 indicates that the mother's ratios, by themselves, are quiteFig. 2. Box-plot of testosterone (nmol/L) in the amniotic ﬂuid (AF) and in the mother's plasm
0.77 nmol/L (0.62–1.00 nmol/L) and 0.28 nmol/L (0.08–0.56 nmol/L) in males and females, res
in males and females, respectively.signiﬁcant (15.3% and 13.5% of the variance, respectively, right and
left) but addition of AF testosterone improves the model signiﬁcantly,
with an additional 9.6% and 11.8% for the right and left hands, respec-
tively, always with negative regression coefﬁcients. The addition of
plasma testosterone does not improve the models signiﬁcantly. As
for NB males, the models do not account for the variability observed
in the 2D:4D ratio of either hand. The amount of variance explained
by the complete model was 8.4% and 1.2%, respectively, for the right
and left NB hands (Table 6), and none was signiﬁcant.
4. Discussion
Our data shows that the 2D:4D dimorphism is already present at
birth, conﬁrming previous reports that it shows as early as at
14 weeks of gestation [16]. As expected, males had lower mean
2D:4D ratio than females, but like previous authors [2,14] we found
that the difference is subtle and there is a large overlap of 2D:4D dis-
tributions between sexes (Fig. 1). In our sample of NB infants, sex
dimorphism was signiﬁcant for the left but not for the right hand.
This contrasts with studies which sampled individuals older than
two years and reported a greater 2D:4D sex difference for the right
hand [21–23]. Our results are from individuals in between the pre-
and postnatal testosterone surges, and because we have not ﬁnd sig-
niﬁcant dimorphism in the right hand, we suggest that postnatal
androgen exposure is rather inﬂuential for the accentuation of dimor-
phism and stabilization of 2D:4D ratio in the right hand. A recent
study [17], working only with right hand photocopies of children be-
tween 3 and 5 months of age, also did not ﬁnd signiﬁcant 2D:4D dif-
ferences between sexes. Likewise, newborns in the Knickmeyer et al.
[18] study had a tendency to show sexual dimorphism in 2D:4D, but
differences were not signiﬁcant. The postnatal testosterone exposure
thus appears determinant for the right hand ratio later observed in
life.a by fetus sex, at the time of amniocentesis. In the AF: median and interquartile ranges
pectively. In plasma: 1.46 nmol/L (1.05–1.99 nmol/L) and 1.45 nmol/L (1.02–2.16 nmol/L)
Fig. 3. Negative associations between AF testosterone and the 2D:4D ratio in the left (r=−0.3, p=0.03) and the right (r=−0.24, p=0.09) hands of NB females.
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daughters (p=0.007 and 0.14, for left and right hands, respectively)
(Table 2). This is consistent with a previous report that the 2D:4D of
parents correlates negatively with the proportion of their male off-
spring [24] and with a broader hypothesis stating that the sex of off-
spring in mammals is associated with hormone concentrations of
both parents at time of conception [25,26] with high concentrations
of testosterone (and low 2D:4D) increasing the likelihood of having
a son.
The mother's 2D:4D was a signiﬁcant predictor of the newborn
2D:4D ratio in both hands (right: R2=10%, p=0.006; left: R2=
9.2%, p=0.008) after controlling for sex. AF testosterone was also
found to be negatively correlated with the 2D:4D in NB females, but
not in males. We have then examined the moderating effect of sex
in these associations by dividing the NBs in two groups, according
to sex, and regressing the NB 2D:4D ratio on the mother's ratios
(left and right hands) and on testosterone in each group (Table 6).
We have found that the mother's 2D:4D are signiﬁcant predictors of
2D:4D in NB daughters, but not in sons. In NB daughters, a signiﬁcant
proportion of regression residuals can still be accounted by AF testos-
terone, stemming from a negative partial correlation between NB ra-
tios and AF testosterone. The percentages of variability accounted by
the mother ratios and AF testosterone were, respectively, 15.3% and
9.6% in the right hand, and 13.5% and 11.8% in the left hand,
suggesting a balanced contribution of genetics and testosterone to
the determination of 2D:4D in girls at birth. We have not found sim-
ilar associations between the 2D:4D ratios of NB males and their
mother's 2D:4D or testosterone, as the models did not account for
more than 8.4% and 1.2% of variability in the right and left hands, re-
spectively (Table 6). The lack of correlation with the mother's 2D:4D
could result from a high level of testosterone in the prenatalTable 6
Results of 3-step hierarchical regressions of the 2D:4D ratio of NBs, by sex and hand. Indep
testosterone (AF-T), step 3 adds plasma testosterone (plasma T). R2 is the proportion of va
of the increment ΔR2 in variance explained, signaled by * b0.05 and ** b0.01.
NB females R2 ΔR2 p
NB right hand
Mother 2D:4D 0.153 0.153 0.02*
Mother 2D:4D+AF-T 0.249 0.096 0.02*
Mother 2D:4D+AF-T+plasma T 0.305 0.056 0.06
NB left hand
Mother 2D:4D 0.135 0.135 0.03*
Mother 2D:4D+AF-T 0.253 0.118 0.01**
Mother 2D:4D+AF-T+plasma T 0.261 0.008 0.48environment during digit-forming stages of embryonic development.
Digit development is a complex process, involving the regulation of
genes' expression by testosterone and estrogen [10] and high testos-
terone might induce a level of individual variability capable of break-
ing down correlation between males' 2D:4D and their mothers'
2D:4D. We also have not found correlation between males' 2D:4D
and AF testosterone. We hypothesize that because the male fetus is
normally subjected to higher levels of testosterone, levels above aver-
age do not have any signiﬁcant impact in further decreasing the
2D:4D ratio. Brown et al. [5] suggested that androgen receptors may
saturate in normal male fetus or else stay within speciﬁc ranges so
that additional levels of androgens would not be as inﬂuential for
the 2D:4D as in girls.
We have found that NB males had, in both hands, mean longer ﬁn-
gers than females, corroborating a tendency previously pointed out
for 3 to 5 month-olders [17] (Table 4). Our data also support claims
that 2D:4D increases from birth to adulthood [14–17], as mothers
had signiﬁcantly larger 2D:4D than their NBs (Table 2) for both
sexes and hands. Postnatal developmental processes should thus be
involved in the determination of 2D:4D sexual dimorphism later
found in adults.
The ﬁnding of sexual dimorphism at birth has been interpreted as
evidence for prenatal testosterone action and we expected to ﬁnd
higher testosterone levels associated with lower, masculinized,
2D:4D in NBs [2]. Indeed, we have found weak negative correlation
of testosterone levels in the mother's plasma and 2D:4D ratios in
both sexes and hands, but our sample (52 males, 54 females) appar-
ently lacked power to reach statistical signiﬁcance.
It is commonly accepted that androgen levels, including testoster-
one, show a substantial reduction in women that approach the men-
opause, usually about age 50, and in the years immediately afterendent variables were, in step 1 only mothers' 2D:4D (left and right), step 2 adds AF
riance in NB 2D:4D explained at each step of the models and p gives the signiﬁcance
NB males R2 ΔR2 p
NB right hand
Mother 2D:4D 0.063 0.063 0.23
Mother 2D:4D+AF-T 0.074 0.011 0.46
Mother 2D:4D+AF-T+plasma T 0.084 0.009 0.51
NB left hand
Mother 2D:4D 0.011 0.011 0.77
Mother 2D:4D+AF-T 0.012 0.001 0.85
Mother 2D:4D+AF-T+plasma T 0.012 0.000 0.99
112 T. Ventura et al. / Early Human Development 89 (2013) 107–112[27,28]. The pregnant women in our study ranged between 26 and
43 years old but still we have found evidence for a decrease in testos-
terone irrespective of the fetus' sex. There was however no such asso-
ciation between mother's age and testosterone in the AF.
Like previous authors [29] we did not ﬁnd signiﬁcant differences
in mean testosterone concentrations in maternal plasma between
the two fetus sexes. However, testosterone in the AF was signiﬁcantly
higher in males than in females (Fig. 2). Unlike Sarkar and co-workers
[29], we did not ﬁnd a signiﬁcant correlation between levels of testos-
terone in the AF and in the maternal plasma (r=−0.01, p=0.93; r=
0.11, p=0.30, respectively, in males and females). Altogether, these
results are suggestive that there is no signiﬁcant transport of testos-
terone between the mother and the fetal environment. The main
source of testosterone in AF is likely the fetus itself.
5. Conclusion
Sexual dimorphism is present at birth, with a large overlap be-
tween sexes, but the tendency for being more accentuated in the
right hand, as opposed to the left, was not conﬁrmed, suggesting
that postnatal testosterone exposure and developmental processes
are determinant for the right hand ratio and sexual dimorphism
later observed in life. Postnatal development is also likely to explain
why the 2D:4D ratios in NBs are signiﬁcantly smaller than those of
their mothers.
Mothers who had sons, had signiﬁcantly lower 2D:4D ratios than
those who had daughters, supporting claims that offspring sex is as-
sociated with hormone concentrations in parents around conception.
The mother's 2D:4D ratios are signiﬁcantly correlated with their
daughters' 2D:4D ratios, and AF testosterone explains a signiﬁcant
proportion of the remaining variability observed in female NBs. The
same was not observed for male NBs though, suggesting that high
prenatal testosterone levels in male fetus may lead their 2D:4D ratios
to differ from their mothers' due to high individual variability.
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